In addition to antibiotic resistance, R plasmids are known to provide resistance to toxic heavymetal ions. Penicillinase plasmids of Staphylococcus aureus confer resistance to antimony, arsenic, bismuth, cadmium, lead, mercury, and zinc compounds (3, 11, 13) . Lactose plasmids of group N streptococci provide resistance to compounds of arsenic and chromium (4) . R plasmids of enterobacteria determine resistance to arsenic, cobalt, mercury, nickel, silver, and tellurium salts (5, 9, (14) (15) (16) (17) , and resistance to compounds of mercury and tellurium in Pseudomonas aeruginosa is plasmid mediated (1, 16) .
This study was undertaken to determine whether plasmids of gram-negative bacteria determine resistance to metal compounds other than those already known. Unusual resistances were not detected in enterobacterial plasmids, but resistance to boron and chromium compounds was found to be determined by certain plasmids in P. aeruginosa.
MATERIALS AND METHODS
Bacterial strains and plasmids. The source for most of the plasmids has been described previously (7, 16) . RP4-pMG5 is a hybrid plasmid formed by recombination between incompatibility group P-1 (IncP-1) plasmid RP4 and IncP-2 plasmid pMG5 (8) . Plasmid pMG6 was found in an unusually antibiotic-resistant P. aeruginosa isolate from the sputum of a patient transferred to the Massachusetts General Hospital from Athens, Greece. It is incompatibile with the CAM plasmid and hence belongs to IncP-2 (7). Plasmid pMG18 was detected in P. putida Ps5227-75 from H. Matsumoto, Shinshu University, Matsumoto, Japan. pMG18 is incompatible with R2 and hence belongs in IncP-9 (8). Plasmids were tested for resistance either in Escherichia coli J53 (F-pro-22 metF63), P. aeruginosa PU21 (FP-ilvB112 ku-i strrrif), or P. aeruginosa PA0303 (FP-arg-18) (2, 6 (9) . The minimal inhibitory concentration was determined as the lowest concentration of inhibitor preventing growth after overnight incubation at 37°C. In many cases, resistance was also determined qualitatively by a gradient plate technique (16) .
Survival of colony-forming activity on inhibitor plates was determined by the method of Novick and Roth (11) .
RESULTS
Screening for resistance to metal compounds. Resistance to toxic metal compounds is often clustered on plasmids (11, 13, 16) . Accordingly, 20 plasmids ( Table 1) that determine resistance to arsenic, mercury, silver, or tellurium compounds in E. coli or P. aeruginosa were tested for resistance to the metal compounds listed (in order of increasing atomic number) below: LiNO3, BeCl2, Na2B407, Na2B204, NaBO3, MgCl2, AlCl3, CaCl2, Cr(NO3)3, K2Cr2O7, Na2CrO4, MnCl2, FeSO4, FeCl3, CoCl2, NiSO4, CUSO4, ZnSO4, Ga2(SO4)3, Na2HAsO4, NaAs02, Na2SeO3, Na2SeO4, SeS2, Na2MoO4, (NH4)6Mo7024, AgNO3, CdSO4, InCl3, SnCl2, SbC13, NaSbO3, CsCl, BaCl2, Na2WO4, K20sO4, NOsO%, IrCI3, AuCls, Pb(C2H302)2, TlNO3, Bi(NO3)3, U02(C2H302)2. (Water of hydration has been omitted.) An additional 20 plasmids that determine resistance only to antibiotics were also screened. Fig. 1 . By this test, pMG1 and pMG6 enhance resistance to borate and chromate, respectively, three-to fourfold.
DISCUSSION
Two new resistances were detected in Pseudomonas plasmids: resistance to the trivalent compounds of boron, borate and metaborate, and resistance to the hexavalent compounds of chromium, chromate and dichromate. We suggest the designations Bor and Crr for these phenotypes (10) . Bor is determined by plasmids of the IncP-2 group, which also determine resistance to mercury and tellurium compounds, by IncP-9 plasmid pMG18, which determines mercuric ion resistance, and by IncP-5 plasmid Rmsl63, which carries no other known metal Phenotypea group P-i P-i P-i P-i P-i P-i P-i P-i P-i P-2 P-2 P-2 P-2 P-2 P-2 P-2 P-2 P-2 P-2 P-2 P-2 P-3 P-3 P-4 P-4 P-4 P-5 P-6 P-7 P-8 13, 1978 on January 20, 2018 by guest http://aac.asm.org/ Downloaded from resistance markers. Cn is determined by IncP-2 plasmid pMG6, which carries resistance to mercury and tellurium compounds, but other mercury-and tellurium-resistant IncP-2 plasmids lack chromium resistance. Hence, both Bor and Crr appear to be unique resistance markers. The biochemical mechanisms for resistance to boron and chromium compounds is not yet known. It is worth noting that for chromium, at least, the hexavalent compounds to which plasmids confer resistance are much more toxic and mutagenic for bacteria than are trivalent compounds (12) .
Resistance to compounds other than those of arsenic, boron, chromium, mercury, silver, and tellurium was not found in this survey of E. coli and P. aeruginosa plasmids. In particular, resistance was not detected to compounds of antimony, bismuth, cadmium, lead, or zinc, which occurs in plasmids of gram-positive organisms (3, 11, 13) , nor was resistance to cobalt or nickel found as described by Smith on plasmids of E. coli (15) . A marginal increase in resistance could have been overlooked at the inhibitor concentrations chosen, and plasmids other than those tested may carry additional metal resistance markers.
